Microscopic studies of red cells from homozygous sickle cell patients show that dichloromethane does prevent sickle cell formation in vitro and does cause reversion of sickled cells to normal after exposure to.dichloromethane. X-ray structural analysis of human deoxyhemoglobin crystals exposed to dichloromethane shows four unique binding sites. Arguments are presented to suggest that the binding site close to tryptophan 14a prevents the formation of helical polymers, i.e., prevent sickling.
graphic studies showing the binding site of dichloromethane to deoxyhemoglobin and on observations indicating prevention and reversal of sickle cell formation by dichloromethane. Sickle cell prevention studies For sickle cell prevention studies, fresh heparinized blood from homozygous sickle cell patients was exposed to a gas mixture of N2, CO2, and dichloromethane. The samples were flushed 3 times with the gas mixture at 30-min intervals to assure removal of all oxygen. Aliquots were then anaerobically diluted into Dacie's fluid containing 3% trisodium citrate and 1 % formalin. At least 300 cells were counted in each aliquot by light microscopy with a standard hemocytometer. The cells were divided into two groups, normal and abnormal, and the latter were subdivided into sickled and other abnormal. Normal cells were those having the regular smooth biconcave shape; sickled cells were those having the characteristic half moon like shape; and other abnormal cells were those having other types of deformation, the most common being "pinched cloverleaf" appearance.
For sickle cell reversal studies, samples were first completely sickled by repeatedly flushing with 90% N2 and 10% C02, and then exposed to gas mixtures with different dichloromethane (DCM) concentrations. Cell counts were-performed as described above.
These experiments show that dichloromethane does prevent the formation of sickle cells. Fig. 1 shows that sickle cell prevention depends on the DCM pressure. Data are shown for true sickle cells and for abnormal cells which include true sickle cells. The abnormal cell data are average from two different experiments with blood from two patients. In different samples, at a given DCM gas pressure the number of abnormal cells is quite constant but the true sickle cell count shows considerable variation depending on a number of factors such as total lapsed time and exact composition of the serum. The control samples were treated identically except that the incubation gas was normal air. Sickle cell counts on the controls before during and just after the experiments were identical with 2% sickle cells and 5% abnormal cells.
Data for the reversal experiment (Fig. 2) show that sickled cells revert to normal when treated with DCM. It (Fig. 4a) and changing the surface configuration in the steplike region bounded by the A, B, and E helices of the a chain (see Fig. 5 for hemoglobin notation). That this site is probably responsible for the antisickling effect on DCM is suggested by experiments with amino acid substitutions known to affect sickling (15) (16) (17) . Of particular interest are the substitutions of Glu 23a (B4) and Asp 7313 (E17) by glutamine; both decrease sickling. Benesch et al. (17) showed that, apart from the A, B. and E regions of a chains, the CD corner of a chains is also involved in sickling. The DCM binding (site D2) below valine 13713 (H15) replaces a water molecule, and is not close to any site known to affect'Hb S formation and is not likely to affect molecular function (Fig. 4b) . The DCM binding (site D3) near Tyr 14513 in the a1132 contact region (Fig. 4c) does not seem to have any direct effect on the sickle cell phenomenon but may affect the allosteric equilibrium, since the hydrogen bond of the OH of Tyr 14513 to the carbonyl of the Val 981 stabilizes the quaternary deoxy structure.
The DCM binding (site D4) between a pyrrole group of heme 2 and Phe 42$ (Fig. 4d) (20) also showed that addition of DCM to a Hb S solution causes a decrease in absorbance at 504 hm (an isobestic point for hemoglobin) which indicates decreased turbidity, i.e., a decrease in Hb S aggregation.
Prevention and reversal of Hb S aggregation was also observed with propane, ethane, and methane by Murayama (21 IG. 4. Stereoscopic drawings of excerpts of the human deoxyhemoglobin structure drawn from atomic coordinates provided by Fermi (14) . The amino acid name and sequence number is indicated with numbers <200 denoting a chain residues, and for numbers >200 denoting The effectiveness of such treatment will depend on the exact * "gas" composition and duration of gas administration, parameters that only in vow experiments can establish. Apart from the use of dichloromethane and possibly cyclopropane, other gases with similar molecular properties and low toxicity should be considered as potential sickle cell preventives.
